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ABSTRACT 



To understand better the factors involved in 



students' decisions to pursue graduate study in the natural sciences, 
mathematics, and engineering (NSME) , this study surveyed a stratified 
sample of 1,651 NSME majors who took the Graduate Record Examination 
General Test in December 1990, planning to enroll in graduate school. 
The survey asked for background information and career expectations 
and plans, including choice of graduate school program. Survey 
responses and the GRE records of students planning to continue in 
NSME we; e compared with those of students planning to change fields 
of study. The decision to change fields was not related to GRE 
scores, gender, parents' education, or ethnicity. Parental approval 
was also unrelated to the decision to continue in NSME. Those who 
planned to change fields for graduate study liked their undergraduate 
courses less, had more trouble seeing themselves as scientists, found 
the courses more difficult, and had slightly lower grades. The report 
suggests that science and engineering students do not always have a 
realistic view of the work options that will be open to them. Seven 
appendixes present supplemental information including: the GRE 
background questionnaire, matrices of questionnaire items, GRE 
scores, and other variables. (Contains 33 references.) (SLD) 
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Abstract 



To understand better the factors involved in students' d>?cisions to pursue graduate study 
in natural sciences, mathematics, and engineering (NSME), this project surveyed a stratified 
sample of 1,651 NSME majors who took the GRE General Test in December 1990 and planned 
to enroll in graduate school. The survey asked about their undergraduate experiences, the 
quality of their departments or programs, ratings of their own skills, expected earnings after 
completing graduate school, characteristics of the jobs they would most like to have, importance 
of various job characteristics and activities, when they decided on their graduate fields of study, 
opinions about those fields, and family background, including wheiSer parents were in technical 
occupations and whether they approved of their fields of study. 

We compared the survey responses and GRE records of students planning to continue in 
NSME with students planning to change fields of study. We found that the decision to change 
fields was not related to GRE scores, gender, parents' education, or ethnicity. 

Half of all respondents, both women and men, had fathers in technical, mechanical, or 
scientific occupations, but considerably more women than men had mothers in those 
occupations. While almost all respondents reported that their parents approved both of their 
undergraduate and graduate major field selections, slightly more White than Black respondents 
reported parental approval, and slightly more males than females reported parental approval. 
Parental approval was unrelated to whether they remained in NSME or not. 

Compared with students continuing in NSME, students who planned to change fields for 
graduate study liked their undergraduate courses less, had difficulty seeing themselves as 
scientists or being able to make a contribution in the sciences, did not receive as much 
encouragement from instructors to continue in NSME, had slightly lower grades in their major, 
found the courses more difficult, felt they had less in common with their peers, and rated the 
department and quality of instruction lower. They also rated their verbal skills somewhat higher 
and spent more hours in community service. Those leaving NSME presented a profile of more 
socially oriented individuals concerned more with helping people than in working with "things." 
Those leaving their fields expected to earn less after graduate school. Among those remaining 
in NSME, Black respondents expected to earn the most and White respondents expected to earn 
the least. The expected earnings of women were lower than those of men. 

We speculated that a negative stereotypic image of science and engineering might 
prevail, not only in our society at large, but even among students of science and engineering. 
Some students for whom it is important to make a contribution to society, to interact with 
people, to have an attractive work environment, and to have variety in their work are leaving the 
sciences. These occupational characteristics were important to more women than men and to 
more minorities than Whites in our sample. The report suggests that science and engineering 
students do not always have a realistic view of the work options that will be open to them, and 
that they need to have a broader picture of the many varieties of work and work environments 
available in science and engineering. The report also suggests that more able students of both 
genders and aU races might choose to continue in science if they knew more about its 
possibilities. 
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INTRODUCTION 

Acxording to some information sources, including the National Science Foundation, the 
Bureau of Labor Statistics, the Bureau of the Census, and a number of university economists, 
the next decade may see a shortage of natural scientists, mathematicians, and engineers in the 
United States (Atkinson, 1990; Berryman, 1983; Holden, 1989; & Pool, 1990). This shortage is 
predicted for several reasons. 

First, the college-age population is declining. Reports from the Census Bureau indicate 
that over the past decade, the number of 18-year-olds in the United States declined by 12% 
(U.S. Department of Commerce, 1989). Although there are increasing numbers of older 
students in our colleges, science and engineering are generally not the fields of choice for second 
careers. 

Second, the proportion of White males in the college-age population is declining because 
of increasing numbers of minorities in the United States. Traditionally, science and engineering 
careers have been chosen in greatest numbers by White males. Although admission credentials 
(such as GRE and SAT scores) of minorities, especially Blacks, have been increasing in recent 
years, and some schools offer programs to encourage minorities to study science and 
engineering, the numbers who do so are still exceedingly small (Clewell, 1989; Malcom, 1983; 
Thomas, 1989). According to the most recent statistics (National Research Council, 1991), 
between 1975 and 1990, the percentage of all doctorates awarded to U.S. citizens in the physical 
sciences, life sciences, and engineering increased slightly for Native Americans, Asian 
Americans, and Hispanics. The percentage awarded to Blacks, however, increased only in 
engineering, and the increase was from 0.7% to 1.5% -- figures that are far less than the 
proportion of Blacks in the U.S. college-age population. Furthermore, the percentage of 
doctorates awarded to Blacks in physical sciences and life sciences actually declined during that 
period. Data from the 1990 American Chemical Society Salary Survey reveal that Black 
chemists - both men and women -- represented less than 2% of the membership who responded 
to their survey (Smith, 1991). 

The reasons for the underrepresentation of minorities may be numerous. Pearson 
(1985) conducted an in-depth sociological analysis of Blacks in the American scientific 
community. He found that the four most frequent reasons given for Black underrepresentation 
in natural sciences were (1) lack of early encouragement and motivation, (2) lack of financial 
support and limited opportunities, (3) limited recruitment, and (4) institutional racism. 

Although minorities, especially Blacks, continue to be underrepresented in the natural 
sciences and engineering, females are also underrepresented, especially at the doctoral level, and 
particularly in the physical sciences. There has been considerable concern and research on the 
subject, ranging from early childhood influences on female career choices to the employment 
status of women scientists (e.g., Casserly, 1979; LeBold, 1987; National Research Council, 1983, 
1987; Vetter, 1981). 
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Salary levels may be implicated in the underrepresent-ition of women. For example, 
reports published by science and engineering societies still indicate that women generally earn 
less than men. The 1987 median salary of Ph.D. physicists with seven or more years of 
experience in academia was $40,800 for females and $48,000 for males; for Ph.D. physicists in 
industry with the same experience, women earned an average of $56,700 and men earned an 
average of $63,000 (Babco, 1990). On the other hand, reports from the American Mathematical 
Society indicate higher salaries for women than men with Ph.D.s in mathematics. In 1989, male 
Ph.D.s with 12 months experience in business and industry earned an average of $45,000 but 
female mathematics Ph.D.s earned an average of $48,000 (Babco, 1990). There were similar 
salary differences in academic positions. 

A third reason for predicting a shortage of natural scientists is that even among the most 
exceptionally able high school students, there has been a declining interest in majoring in 
mathematics or natural sciences (Grandy, 1987). 

In recent years, some have speculated that the public's image of science has changed, 
partly because f'ev'sion and newspapers have a powerful impact on public opinion. 
Communication specialist George Gerbner, dean of the Annenberg School of Communications 
at the University of Pennsylvania, argues that television entertainment programming encourages 
hostile public conceptions of science (Gerbner, 1987). In a detailed analysis of a ten-year 
sample of network prime-time dramatic programs, he found that scientists (other than doctors) 
are portrayed as "stranger" than other professionals. He also found that for every "bad" doctor, 
there are 19 "good" doctors; for every "bad" law enforcer, there are 40 "good" ones; and for 
every villainous scientist, there are only 5 who are virtuous. Furthermore, a telephone survey of 
1,631 repondents conducted by the Public Opinion Laboratory at Northern Illinois University 
concluded that the more people watch television, the less favorable they are toward science, 
even controlling on background variables such as age and education (Gerbner, 1987). 

In a Science editorial, Abelson (1990) commented, "For most of the public, the word 
'chemical' now elicits antipathy and fear." Also, it has become evident that a large segment of 
our society no longer glorifies science, and events such as Earth Day highlight the public 
perception of scientists as makers of problems, not solvers of problems (Grandy, 1990a). 

Unlike the SAT data base, the GRE data base has not shown a decline in enrollments in 
all natural science fields. The number of U.S. citizens taking the GRE and planning to earn 
doctorates either in mathematics or in physics, for example, both increased slightly over the past 
decade (author's analysis). However, the number planning to earn doctorates in the biological 
sciences, geology, and chemistry declined. Among the reasons given for the decline are limited 
research funding (Palca, 1990). There are many factors other than economic ones that affect 
career decision making, however. Numerous studies have found associations between family 
background, ethnicity, gender, school experiences, course-taking patterns, and the decision to 
pursue a degree in the sciences or to choose (or switch to) other majors (e.g.. Baker, 1982; 
DeBoer, 1984; Hewitt & Seymour, 1991; Hilton, Hsia, Solorzano, & Benton, 1989; and Hilton & 
Schrader, 1986). Few studies, however, have focused on reasons people change field of study 
after they have earned a bachelor's degree. 
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BACKGROUND FOR IHIS PROJECT 



This project was initiated by Pearson and Powers (1986) in a proposal to the GRE Board 
containing a preliminary analysis of selected GRE General Test data from 1984-85. From their 
preliminary analysis, Pearson and Powers concluded that significant numbers of undergraduates 
majoring in the biological sciences, physical sciences, mathematical sciences, and engineering 
planned to pursue graduate study in some other discipline. Their analyses further revealed a 
number of relationships between the backgrounds and experiences of undergraduate science 
majors and their intentions to pursue graduate degrees in these fields or to switch to other 
fields. Women and older students were more likely to leave than were men and younger 
students. Blacks were more likely to leave than Whites, and Whites were more likely than Asian 
Americans to leave.' Those migrating to other fields tended to have lower GRE quantitative 
scores and higher GRE verbal scores than did those persisting in natural sciences, mathematics, 
and engineering. Not surprisingly, there was a strong relationship between GPA in major field 
and whether or not students intended to pursue graduate study in the same field. 

Based on these preliminary findings, Pearson and Powers proposed a questionnaire 
survey of natural science, mathematics, and engineering majors to determine more precisely the 
factors that may underlie students' decisions to pursue graduate study in those fields or to 
change disciplines. 

As a first step, they held a number of "focus groups," convening science students 
attending colleges in the Philadelphia area. Discussions centered on students' graduate school 
plans and their reasons for choosing a graduate field of study. One major outcome of the 
discussions was the realization that there is no agreed-upon standard of what constitutes a 
change in field of study. From one viewpoint, for example, a biology major who studies forestry 
in graduate school has changed field of study. Forestry is often classified among the agricultural 
sciences, not under biological sciences. Yet, if the student's interests are in plant life, 
particularly trees ~ a subject that may be subsumed under biology, botany, forestry, and/or 
ecology " the student may see the change from biology to forestry as no change at all, but, 
rather, a natural outgrowth of undergraduate studies. 

It became clear that the proposed questionnaire survey would have to deal with the 
taxonomies of major fields, considering why they are grouped as they are. Then, reconsidering 
the purpose of the survey, "change in field" would have to be defined in a manner that would 
best provide the information sought by the survey. 

In the meantime, other research was being conducted on the GRE data base to shed 
further light on talent flow from undergraduate to graduate school. A special data base was 
created for that purpose and further, and the kind of data Pearson and Powers had explored in 
their preliminary analyses was examined (Grandy and Robertson, 1992). 



^Hilton et al. (1989) found different results among high-ability students at an earlier stage of their 
education. They found that persistence in math, science, and engineering from senior year of high school to 
sophomore year of college was higher for high-ability minority students (61%) than for the high-ability White 
comparison group (55%). 
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We found that over the past decade, the number of female test takers planning graduate 
work in the physical sciences and engineering increased very little. On the positive side, we 
found that the number of Black as well as other minority-group test takers planning graduate 
work in the physical sciences and in engineering increased significantly. 

More important, perhaps, were the graduate-school plans of majors in mathematics, 
natural sciences, and engineering. Most undergraduate mathematics and physical sciences 
majors continue in the same fields in graduate school. Those who changed did not necessarily 
have the lowest GRE scores, as some might have predicted. In fact, the quantitative score 
averages of those who plannd to switch to the humanities were a few points higher than the 
averages of those continuing in math/physical sciences. About 5.5% switched to education, and 
those students had quantitative scores averaging only 15 points less than the nonchangers. 

Almost all engineering majors planning to apply to graduate school continued in 
engineering. Those few who switched to education, however, had quantitative scores about 80 
points lower, on the average, than those of engineers who remained in engineering. 

Test takers earning degrees in the biological sciences changed to other fields for 
graduate study more frequently than did test takers in the other natural sciences. Those 
continuing in some area of biological sciences had scores slightly higher than the scores of ihose 
planning to enter health professions (because not all applicants to health professions take the 
GRE, the ones who do are likely to be a nonrepresentative sample). Biological science majors 
who switched to math/physical sciences had average quantitative scores about 35 points higher 
than the scores of those continuing in biological sciences. Those switching to education had 
scores about 50 points lower. 

Among all undergraduate students of science and engineering, those who switched to 
education had considerably lower average GRE verbal scores than did those who remained in 
their field, and those who switched to the humanities had higher verbal scores. Aside from 
these general patterns, however, we could not fully account for students' choices to leave science 
or engineering. For the most part, those who changed fields had test scores that were probably 
high enough to suggest that they could succeed at science. We could not simply conclude that 
people who leave science and engineering for another field of graduate study do so because they 
lack sufficient verbal or quantitative skills. Furthermore, the variables in the GRE background 
questionnaire did not shed might light on the reasons for leaving science. 

With this foundation, we returned to the plan for a questionnaire survey. As a first 
consideration, we established a working definition of "change in field of study" based on the 
potential postbaccalaureate workforce supply in natural sciences, mathematics, and engineering. 
We defined change simply as a flow of students out of that pool. Furthermore, although it may 
be interesting to know why someone chooses to switch fields from one physical science to 
another, for example, to switch to computer science after majoring in physics, it was not the 
human resource question we were investigating. 

The concerns this study addressed were fourfold: (1) the total supply of mathematicians, 
biological and physical scientists, and engineers; (2) the number of women and minorities 
contributing to that supply; (3) the number of natural science and engineering students who are 
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leaving that pool by choosing graduate work in a different area, and (4) factors that may explain 
why some students continue in mathematics, natural sciences, and engineering and others leave. 

We decided to restrict the survey to a test-taking population who could all answer the 
same questionnaire. Students who have already graduated -- who have been in the workforce or 
who have been homemakers ■- might have very different reasons for changing majors than 
currently enrolled students have. Including these older students would have required devoting 
large portions of the questionnaire to work experiences, and these portions would have had to 
be omitted by students still in college. At the same time, an out-of-school test taker's graduate 
school decisions might be less influenced by undergraduate experiences than by events occurring 
on the job or within the family. Thus, for the out-of-school test taker, many detailed questions 
about professors and coursework would not be germane. Therefore, because the questionnaires 
would have had to be markedly different, we decided to restrict this survey to currently enrolled 
students. 



QUESTIONNAIRE SURVEY 
Natural Sciences, Mathematics, and Engineering Population 

Creation of a Working File. A working file of undergraduate natural science, mathematics, and 
engineering (NSME) majors was created from the tape containing the records of all people who 
registered for the December 8, 1990, GRE Geticral Test administration. Appendix A provides a 
copy of the GRE background questionnaire. On the basis of responses to the questionnaire, we 
select i for the working file all examinees who satisfied the following conditions: 

1. They took the examination and received GRE scores. 

2. They were U.S. citizens (Question 13.a = 1). 

3. They answered the questions on gender (Question 8), degree objective 
(Question 13.k), and intended graduate field of study (Question 13.1). If they 
were undecided about their graduate field, they were excluded. 

4. They answered Question 13.d, ethnicity. If they marked "other," we excluded them 
because we regarded statistics on an unknown ethnic group as relatively 
uninformative. 

5. They planned to attend graduate school (Question 13.f = 1, 2, or 6 only). 

6. They had not yet graduated. 

7. They had a U.S. mailing address. 

8. They expected to receive a bachelor's degree in biological sciences, physical 
sciences, computer sciences, earth sciences, mathematics, or engineering. 
Based on the response to Question 13.1, an examinee was included if the 
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response code was in one of these areas. Appendix B gives the codes and 
fields used to define each area. 

From an original file of 121,982 records, the working file contained data for 5,929 
examinees. 

Defining "Change of Major. " As stated earlier, we used a fairly straightforward criterion of 
"change in major." Because the purpose of the survey was to identify some of the differences 
between people who remain in NSME and people who leave these fields, we regarded 
"changers" as those who planned graduate study in a field that lay outside these three areas and 
"nonchangers" as those who remained within these areas. A changer, therefore, was someone 
who left the pool of NSME for another field. 

Under this definition, a student who planned to teach mathematics or science in high 
school might plan graduate work in education. We did not regard this decision as changing out 
of the potential NSME workforce. We know from the- G RE data base that among students with 
degrees in mathematics and science, those who plan graduate work in those fields have 
somewhat higher average test scores and grades than do those who plan graduate work in 
education. This is well known, and there is no need to reconfirm it. The focus of the study, 
rather, was on factors that may contribute to a student's decision to abandon NSME altogether. 
Therefore, student?, specifying secondary education as an intended field of study were assumed 
to be potential teachers of science or mathematics and were therefore classified as 
nonchangers.^ 

Referring Co the list of major field codes on the third page of the GRE background 
questionnaire (Appendix A), we defined change as occurring when the student planned graduate 
study in a field with a code beginning with 17 or higher, excluding code 36 (secondary 
education). Fields coded 17 or higher lay outside the NSME fields included in the study. The 
excluded fields were primarily in the social sciences (including psychology), humanities, and 
business. We did not exclude changes to code 01 (agriculture) or to code 06 (health and 
medical sciences) because graduate work in these fields can be a natural outgrowth of 
undergraduate science degrees, a:id many biology majors, in particular, plan to enter medicine, 
dentistry, veterinary medicine, or nursing. 



Stratification and Sampling 

Stratification. The vast majority of records in the working file belonged to White test takers 
who were not changing fields from NSME. Minorities, females, and students leaving these fields 
were relatively small in numbers. Thus the three stratification variables were gender, ethnicity, 
and change of field. 



^It is also worth noting that very few students fell into this category. Only three minority students, for 
example, planned to switch to secondary education, and only one male in the entire survey sample planned to 
switch (from mathematics). Most of those planning a switch to secondary education were White females, all of 
whom were earning bachelor's degrees either in mathematics or biological sciences. Even they constituted only 
2% of the female survey sample. 
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Crosstabulating race by gender, we obtained the foUowing numbers in the working file: 



Male 



Female 



Total 



American Indian 
Black 



43 
191 

55 
223 

39 

46 



22 
226 

28 
129 

34 

27 
1,625 



65 
417 

83 
352 

73 

73 



Mex. American 
Asian American 
Puerto Rican 



Other Hispanic 



White 



3,241 



4,866 



Total 



3,838 



2,091 



5,929 



Because the number of minority examinees in each race-by-gender group was quite smaU, 
and because minorities totaled only 1,063, we included all minority examinees in the survey 
sample. 

To constitute the remainder of the desired sample of 2,500, therefore, we chose a 
stratified sample of White examinees out of the remaining working population of 4,866. We 
stratified the population according to whether or not they were leaving NSME. Only a relatively 
small number of students ~ 103 White males, and 69 White females ~ actually planned to 
change. We included all 172 of these students in the sample. 

Of the remaining White examinees (nonchangers), we selected spaced samples: one fifth 
of the White males, and two fifths of the White females. The survey sample of White 
examinees, therefore, contained 730 males (103 who changed plus 627 who did not change) and 
691 females (69 who changed plus 622 who did not change). 

The final sample came to 2,484 examinees. 

Description of the Sample. The table on page 8 summarizes, for each race-by-gender group, the 
distribution of undergraduate major field areas in the sample selected. 

It is clear from these numbers that the sizes of some cells were quite small or zero. It 
would take a very large population of GRE takers -- probably decades' worth - to have enough 
female Puerto Rican computer science majors to draw inferences about that group. The 
intention here was not to draw inferences about each and every minority population or each 
major field separately. Rather, we were interested in representing all minority test takers in 
NSME to the fullest extent possible within the limits of the available data. 
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Undergraduate Major 
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267 
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56 


111 


586 


1,327 


Female 


525 


147 


47 


61 


144 


233 


1,157 



Questionnaire Design 

We designed a seven-page questionnaire inquiring about the student's undergraduate 
studies, career plans and expectations, plans for graduate study, parents' occupations, and 
parental approval of undergraduate and graduate fields of study. 

There is abundant literature on theories of career decision making, and it was far beyond 
the scope of this project to review this body of Literature. We were not testing any particular 
decision-making theory but attempting to incorporate, insofar as possible, elements of all factors 
that might have influenced students' career plans thus far, including parental influences and 
other sources of encouragement, undergraduate experiences, skills and abilities, the availability 
of role models, perceptions of the labor market, anticipated job rewards, personal working styles, 
values, and preferences. 

The content of the questionnaire assumed a model in which graduate school plans might 
be influenced directly or indirectly by any or all of the following factors: 
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1. Family Influences 



Father's occupation (whether in an technical, mechanical, or scientific field) 

Mother's occupation (whether in an technical, mechanical, or scientific field) 

Father's education 

Mother's education 

Parental approval and encouragement 

Feelings of responsibility or obligation to family 

2. Undergraduate Experiences 

Enjoyment of coursework 
Difficulty of coursework 
Quality of classroom teaching 

Quality of the department or program in which enrolled 
Relationships with and encouragement from instructors 
Relationships with fellow students 
Personal identification with a profession 

3. Skills and Abilities 

Verbal abilities 
Quantitative abilities 
Study skills 
Problem-solving skills 
Interpersonal skills 

Mastery of coursework (grades, awards, achievements) 

4. Characteristics of Chosen Graduate Field of Study 

Skills demanded 
Feelings of commitment 
Career opportunities 

Opportunity to make a contribution in the field 

Prestige 

Income 

Demand 

5. Career Plans and Expectations 

Important job characteristics and activities 
Expected income 
Importance of income 

The first part of the questionnaire consisted of three groups of items about 
undergraduate studies. For the first group, students indicated on a 5-point Likert scale the 
extent to which they agreed or disagreed with each item. The questions covered six aspects of 
undergraduate studies: enjoyment of courses, perceived course difficulty, quality of instruction. 
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relationships with instructors, relationships with other students, and perception of self as a 
scientist. 

The second group of items on undergraduate studies pertained to the quality of the 
department or program in which the student majored. The student rated each of 15 aspects of 
the department or program on a 4-point scale, from poor to excellent. The third group of items 
asked for self ratings in 13 different skill ?^reas, including verbal skills, problem-solving skills, 
study sklQs, and interpersonal skills. 

Part II of the questionnaire pertained to career plans and expectations. Hiese questions 
asked about expected earnings, the importance of nine different job characteristics, and the 
extent to which they wanted jobs involving each of 22 different activities. On five bipolar scales, 
students rated the characteristics of the jobs they would most like to have. 

Part in inquired about their plans for graduate study, including when they chose their 
graduate field. Seventeen items described their graduate field of study, to which they expressed 
agreement or disagreement on a 5-point Likert scale. These items covered career opportunities, 
necessary skills, difficulty of the field, interest in the field, and experience in the field. 

The last part of the questionnaire asked several questions about students' families -- 
whether each parent was in a technical, mechanical, or scientific occupation, whether each 
parent approved of their undergraduate and graduate fields, whether professors encouraged 
them, and whether they had work experience in the field. 

We also asked how different they perceived their graduate and undergraduate fields to 
be. This item could then be compared with our own judgments of whether the students had 
changed fields. Finally, we provided space for open-ended comments about their choice of a 
graduate field of study, asking for the important factors in its selection. 

The entire questionnaire was designed so that all students could answer all questions, 
without decision branches. Results could then be compared between major field changers and 
nonchangers or between any other subgroups of interest. 

The questionnaire was pretested among seven ETS staff members and one external 
professional, all of whom had bachelor's degrees in science. Two had continued in the same 
field for graduate school (chemistry and geology), two had switched to education, and the 
remaining four had switched to psychology or a closely related area. Based on the pretest 
results and discussion with each pretester, the questionnaire was revised. Appendix C contains 
the final revised questionnaire. 



Survey Procedure 

After the GRE tests were scored, we retrieved the records of science, engineering, and 
mathematics majors and created the working file. Questionnaires were mailed with a cover 
letter describing the purpose of the survey, with the suggestion that by completing the 
questionnaire, the student may benefit by clarifying their own thoughts and feelings about their 
future. A stamped, self-addressed envelope was enclosed. For attractiveness, floral postage 
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stamps were used on both the ou:side envelope and the return envelope. As an added incentive, 
respondents were offered a sumniary of the results of the study for their participation. 

After approximately three weeks we sent a postcard reminder (Appendix D) to all 
nonrespondents. After an additional three to four weeks, we sent another complete mailing -- a 
questionnaire, followup letter (Appendix E), and stamped return envelope. Questionnaires 
continued to arrive in sizable numbers for five months after the initial mailing. 

Survey Response Rates and Nonresponse Bias 

Usable questionnaires were received from 1,651 students (66.5%). All but a very few 
respondents were enthusiastic about the study, requesting results and writing comments and 
suggestions for further research. Fifty-one of the returned questionnaires were unusable 
because the post office returned them as undeliverable (14 questionnaires), or because the 
examinee had decided not to go to graduate school (22 questionnaires), or because they arrived 
after the analyses were underway (5 questionnaires), or because students had other, 
miscellaneous reasons for not completing the questionnaire. 

We believe that many examinees did not respond because they had decided not to 
attend graduate school. Our earlier research indicated that only about 56% of all examinees 
become enrolled in graduate school in the fall semester after taking the GRE (Grandy, 1990b). 
We did not emphasize strongly enough, until the followup letter, that we wished for responses 
even if they decided not to enroll in graduated school. 

For each broad undergraduate major field, the percentage of students who planned to 
change to a field outside NSME was as follows: 



The fields attracting the most changers were psychology, architecture, business, and 
"other" education. A total of 26 fields were included among the choices of changers. 

The next table shows the distribution of undergraduate fields, by race and gender, c 
1,651 survey respondents. Comparisons of respondents with the total sample to whom 
questionnaires were mailed shows small but statistically significant nonresponse bias in the 
proportion of Whites versus minorities responding, the proportion of males versus females 
responding, and the mean GRE scores. 



Biological sciences 
Physical sciences 
Computer sciences 
Earth sciences 
Math sciences 
Engineering 



2.0% 
2.2% 
8.8% 
2.7% 
9.5% 
2.0% 
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Biological 
Sciences 



American Indian 
Male 
Fc«Mle 

Black 
Male 
Female 



11 
48 



Physical 
Sciences 



20 
20 



Survey Saniple: Nurbers Returned 
Undergraduate Major 



Conputer 
Sciences 



13 
9 



Earth 
Sciences 



Hath 
Sciences 



13 
14 



Engin- 
eering 



36 
39 



TOTAL 



24 
16 



95 
132 



Mexican American 

Male 5 

Female 8 

Asian American 

Male 26 

Female 24 



14 
5 



12 
4 



6 
14 



24 
5 



89 
32 



40 
19 



151 
83 



Puerto Rican 
Male 
Female 



3 

11 



19 
18 



Other Hispanic 
Male 
Female 



7 
10 



13 
7 



32 
21 



White 
Male 
Female 

TOTAL 
Male 
Female 



115 
237 



175 
346 



89 
65 



137 
96 



38 
16 



73 
29 



26 
34 



36 
43 



45 
76 



76 
110 



177 
83 



354 
176 



490 
511 



851 
800 



The response rates by ethnic group were as follows: 



Response Rates by Ethnic Group 



Ethnic 


Number 


Usable No. 


Percent 


Group 


Mailed 


Returned 


Usable 


White 


1,421 


1,001 


70.4 


Black 


417 


227 


54.4 


Asian American 


352 


234 


66.5 


Mexican American 


83 


59 


71.1 


Other Hispanic 


73 


53 


72.6 


Puerto Rican 


73 


37 


50.7 


American Indian 


65 


40 


61.5 


TOTAL 


2,484 


1,651 


66.5 
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In the sample as a whole, 64.1% of the males and 69.1% of the females responded 
(p < .05). This gender difference in response rate also occurred in the White sample alone, 
where 67.1% of males and 74.0% of females responded. In the minority sample, 60.5% of males 
and 62.0% of females re.snonded; the difference was not statistically significant. 

There were equal proportions of changers and nonchangers among the respondents and 
nonrespondents, both overall and within the White and minority groups separately. 
Respondents had significantly higher weighed GRE score means than did nonrespondents. This 
was due only in part to the fact that the response rate was higher among Whites, and Whites 
earned higher average scores. 



Mean GRE verbal scores (weighted) 

White Minority Total 

Respondents 542 475 516 

Nonrespondents 534 451 493 

Mean GRE quantitative scores (weighted) 

White Minority Total 

Respondents 655 616 640 

Nonrespondents 644 590 617 

Mean GRE analytical scores (weighted) 

White Minority Total 

Respondents 638 555 605 

Nonrespondents 614 523 569 



It is not uncommon to find test scores to be higher among respondents to a survey and 
to find that more women than men respond. This is true, to some degree, even for the GRE 
background questionnaire and for the Student Descriptive Questionnaire completed by high 
school seniors when they register to take the SAT (College Entrance Examination Board, 1991; 
Grandy, 1988). 

We speculated earlier that a large portion of the nonrespondents might have been 
people who did not plan to apply to graduate school after taking the GRE. If so, we might 
speculate further that a disproportionately high number of these students expected their scores 
to be too low for them to qualify for admission to graduate school. Although we cannot confirm 
these speculations with the data at hand, it may be useful to keep them in mind as possible 
explanations for the nonresponse bias we observe. 
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What is important to know about nonresponse bias is its effects. In this study we were 
more concerned with the relationships among variables, in particular the correlates of change in 
field of study. We therefore examined some of the correlates of change in our total NSME 
working file, before sampling, to see if the correlations or the conclusions drawn from the 
correlations differed from the conclusions we drew from our analyses of respondents. 

What we found were that the correlations were approximately the same in the working 
file and in the respondent file, but that in the working file correlations reached different 
significance levels. The oiJy two correlations that might affect our interpretations were with 
gender and with quantitative scores for Black males. In the responding sample, gender was not 
significantly correlated with change of field (r = 0.028); in the population it reached significance 
at the 0.05 level (r = 0.030). This is clearly a trivial difference, but it affects our interpretation 
if we take statistical significance seriously. Perhaps the most important point is that the 
tendency for women to leave science more than men do is so small as to be barely detectable. 

Another conclusion is affected by the correlation between GRE quantitative scores and 
change of major for Black males (to be discussed later). In the total NSME population from 
which the sample was drawn, the correlation was very small and not significant (r = -0.007), but 
in the responding sample it was the highest correlate of change for Black males and was 
statistically significant (r = -0.287, p < 0.01). For no other subgroup of the sample was there 
any correlation between GRE scores and whether students remained in NSME or not. We do 
not know how to interpret this finding except for the fact that the sample was small (95 Black 
male respondents) and may or may not be typical of Black male students. 



Relationships of Gender and Minority Status to Change of Field 

The matrix of weighted correlations shows that in the survey sample, neither gender nor 
minority status was associated with the decision to switch from NSME to another field of study. 
(The gender indicator was coded 0 = male and 1 = female; race was coded 0= White and 
1 = minority; and change; was coded 0 = changed out of NSME and l = did not change.) 



Gender Race Change 

Gender 1.0000 

Race .0671** 1.0000 

Change .0277 -.0004 1.0000 

** p < .01 



We can see some rather important results simply in the correlations among these 
indicators. 

• The change indicator was uncorrected with the gender indicator 
(r = 0.028, N.S.). In this sample, women did not switch out of 
NSME any more often than men did. 
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• The change indicator was uncorrelated with the race indicator 
(r = 0.000, N.S.). Minorities did not switch out of NSME more 
frequently than White test takers did, though we do not know 
from this analysis alone whether this conclusion applies to all 
minority NSME majors. 

We also see that the race and gender indicators were significantly correlated with each 
other. This occurred because of the relatively high proportion of women in the Black sample. 
Among the Black NSME majors, women outnumbered men by nearly 20%; in the White sample, 
men outnumbered women two-to-one. 



Creation of Questionnaire Scales 

The questionnaire was designed with the intention of grouping items into scales to 
improve their reliabilities. We defined the scales to correspond to various dimensions of the 
undergraduate experience, self-evaluations on a variety of skills, and characteristics of the 
preferred job. An item was included on a scale on the basis of (1) what the item was designed 
to measure and (2) the correlation of the item with change of major. For example, the item "I 
have a lot in common with other students in my department" was designed as an indicator of the 
student's relationship with peers in his or her area of NSME. This item also correlated with 
change, that is, there was a significant difference in responses between those who planned to 
continue in NSME and those who planned to change. Appendix F contains the matrix of 
weighted correlations of all items as well as the correlation of each item with gender, race, and 
change of major. 

The items that were most clearly associated with a scale and that correlated most highly 
with change were combined. Where appropriate, the direction of the scale of the item was 
reversed. On these bases, the following 13 scales were constructed. 



SCALE DEFINITIONS 
(Negative sign indicates item was scored in reverse) 



Scale 


Items 


1 


COURSE DIFFICULTY 


A4, A6, A19, A26 


2 


COURSE ENJOYMENT 


Al, - A5, A7, - A9, A18 


3 


QUALITY OF INSTRUCTION 


A28, - A2, - A12, - A15 


4 


RELATIONSHIPS WITH INSTRUCTORS 


A13, -A17, A21, - A24 


5 


RELATIONSHIPS WITH STUDENTS 


A3, - AlO, All, - A20, A23, - A25, A27 


6 


PERCEIVE SELF AS SCIENTIST 


A 16, - A22 


7 


QUALITY OF DEPARTMENT 


Bl TO B15, REVERSED 


8 


PROBLEM-SOLVING SKILLS 


CI, C6, C7, CIO, REVERSED 


9 


STUDY SKILLS 


C3, C8, C9, CU, REVERSED 


10 


VERBAL SKILLS 


C4, C5, REVERSED 


11 


INTERPERSONAL SKILLS 


C12, C13, REVERSED ' 


12 


CAREER OPPORTUNITIES 


IIIBl, IIIB4, IIIB8, IIIBll, IIIB12 


13 


WILL DO BUT DON'T LIKE 


IIIB3, - IIIB5, IIIB6, - IIIB7, - IIIB9 
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Results of the Scale Analyses 

Analyses of the Total WeightetP Sample, We computed a correlation matrix among the scale 
scores, GRE scores, selected GRE background questions, gender. White or minority status, and 
whether students remained in NSME or not. Appendix G contains that matrix for the total 
weighted sample and for each large race-by-gender group. 

The table on page 17 shows, in rank order, the scales and other variables that correlated 
significantly with change of major. It is clear from the table that aside from scales 2 and 6, most 
scales show a very low correlation (< .10) with change. Nevertheless, we have reported the 
results because they are statistically significant and may contribute, at least to a small extent, to 
student decisions. Even though the scales consist of more than one item, the correlations may 
still be attenuated by considerable measurement error. 

The variable that correlated most highly with change was Scale 2: Course Enjoyment. 
Those who enjoyed their coursework the least were the most likely to leave NSME. This result 
is consistent with the finding by Hilton et al. (1989) that a major variable distinguishing 
persisters from nonpersisters was that they found math, science, and engineering at the college 
level enjoyable and interesting. 

The second most highly correlated scale was Scale 6: Perception of Self as a Scientist. 
Those who basically could not imagine themselves being a scientist or engineer or making a 
contribution in the sciences were likely to change majors. 

The third most highly correlated was Scale 4: Relationships with Instructors. 
Nonchangers more often reported having professors who knew and cared about them and who 
encouraged them to continue in the field for graduate study. 

The fourth was Scale 12: Career Opportunities. The students who planned to continue 
in NSME perceived grer ter numbers and varieties of jobs in their field, as well as opportunities 
for substantial income, advancement, and prestige. 

Less highly correlated, but still statistically significant, was the relationship with self- 
reported GPA in major. Those planning to leave NSME, not surprisingly, tended to have lower 
grades in their major. What is surprising, however, is that this correlation held for the total 
sample and for White males but not for the other race-by-gender groups. For women and 
minorities, self-reported undergraduate grade average in major did not correlate significantly 
with the decision to change fields. Consistent with the finding for the total sample are the 
responses to the questionnaire scale on course difficulty and the responses to items requiring 
self-ratings of skills and abilities. 



^Recall that when the sample was selected, only one fifth of the White males and two fifths of the While 
females were sampled. In all analyses combining White students with minorities, therefore, data for these tw . 
groups were weighted by multiplying by the reciprocal of their sampling fractions. 
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Scale 1: Cou'-se Difficulty. Those who were planning to leave science and engineering 
more often reported :nat the courses in their major were both different and more difficult than 
expected. Changers also indicated more often than nonchangers that burnout was a problem for 
majors in their field. 

Scale 5: Relationship with Peers. This scale also correlated significantly with change. 
Students who felt they had a lot in common with other students in their department were less 
likely to leave science and engineering. Similarly, those who perceived their peers as helpful and 
willing to share class notes tended to continue. Those leaving science/engineering more often 
indicated that people in their field have no real humanitarian concerns, and some acknowledged 
the statement that the competition in labs has been so fierce that some students have sabotaged 
the expenments of others. 

Not surprisingly, students' ratings of departmental quality (Scale 7) were correlated 
positively with their decision to continue in NSME. Statistically significant in themselves were 
single-item ratings of the scholarly and professional competence of the faculty, teaching 
methods, opportunities for student evaluation of courses and instruction, opportunities to assist 
professors in their research, and useful faculty criticism of student work. 

Positively correlated with students' leaving NSME was the number of hours spent in 
community service. This may be an important finding because involvement in community 
service may suggest a need to work with people in a way that cannot be met by doing science. 

Less highly correlated, but still statistically significant, was the relationship of change with 
participation in an academic honor society. Not surprisingly, those in honor societies were more 
likely to continue in NSME. 

Scale 8, Problem-Solving Skills, consisted of self-ratings of skills in mathematics, speed in 
solving problems, ability to think through problems, and test-taking skills. Students who rated 
themselves highly in these areas were more likely to continue in NSME. 

Student evaluation of the quality of instruction (Scale 3) was also significantly correlated 
with decisions to continue in NSME. Those who indicated that courses were sometimes 
obstacles rather than vehicles for learning, that many labs were taught by teaching assistants who 
were unsure of themselves, and that many professors could not teach very well were more likely 
to change to another field for graduate work. 

From the GRE background questionnaire we found a positive correlation between the 
number of hours that students worked during their most recent year of school and the decision 
to change fields. Unfortunately, we did not ask in the survey questionnaire whether they worked 
during college and, if so, whether it was in a science or engineering area. So it is not possible, 
from these data, to know whether a job in science discouraged students from continuing in 
science, whether the hours worked deprived students of time to study, whether working students 
were less academically able than nonworking students (and therefore had to work because they 
could not qualify for a scholarship), or some other reason. So without further information, the 
result is difficult to interpret. 
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Finally, a very small but significant correlation was obtained between the self-rating of 
verbal skills (Scale 10) -- consisting of reading skills and writing skills -- and the decision to 
change. Students with higher self-ratings of verbal skills were somewhat more likely to change 
fields, possibly believing they could better utilize those skills outside of science and engineering. 

In addition to summarizing those variables and scales that correlated with change, it is 
important to emphasize those variables that did not correlate. Neither ethnicity, parents' 
education, nor gender correlated with change. Perhaps most surprising is that for the total 
sample (but not for all subgroups), GPE scores were uncorrected with the decision to change. 

Analysis of Scales for Minorities and Women. The sample sizes were smaller for minority 
students than for White students. We therefore combined the three Hispanic groups out of 
necessity, realizing that each of the analysis groups still comprises a heterogeneous population. 
We conducted the same correlational analyses on the following groups as we did on the total 
population: Black males. Black females, Hispanicfnjrtes, Hispanic females, Asian American 
males, and Asian American females. There were not enough Native Americans to study alone, 
and we did not think it was appropriate to combine them with any other ethnic group. 

Results of the analysis for Black respondents is shown on page 20. Unlike the findings 
for any other ethnic group, for Black male students the largest correlation with change was GRE 
quantitative scores. Second highest, and the only other significant correlation, was Scale 6, 
Ability to See Oneself as a Scientist. 

These findings suggest that from all the data we gathered. Black male students who leave 
science and engineering generally have lower quantitative scores and cannot imagine themselves 
as scientists, as being able to make a real contribution in their field. 

Black female respondents who planned to leave science and engineering had a profile 
more like the profile for the total sample surveyed. They primarily found that they did not like 
their courses. In addition, they could not imagine themselves being scientists and making a 
scientific contribution. 

The analysis results for Hispanics included students who identified themselves as 
Mexican American, Puerto Rican, or Other Hispanic. The chart on page 21 summarizes the 
results of that analysis. 

For Hispanic students, course enjoyment did not play as important a role in switching 
fields as it did for the total sample. For both males and females, inability to perceive 
themselves as scientists was the scale most highly related to the decision to change fields. 

Second highest was career opportunities. Apparently for Hispanic students, both male 
and female, career opportunities are a very important reason for choosing a graduate field of 
study. Those who perceived science and engineering as providing those opportunities tended to 
plan to continue in those fields; those who perceived them as providing little opportunity chose 
to change fields. 
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• For male Hispanic students, course enjoyment was the third most highly correlated scale. 
For female Hispanic students, the number of hours they worked during the most recent school 
year was important. Those who worked the most hours were most likely to leave NSME. 

The last analyses were done on Asian American respondents. Results are shown on 
page 23. Course enjoyment ranked highly as a correlate of change for both male and female 
Asian American respondents. Of even higher ranking for females was perception of themselves 
as scientists. This was not even a significant correlate for males, whereas for females, the 
correlation was -0.43. 

Asian American females also differed from the rest of the sample in another way. A 
high correlate of change was Scale 11, which we called Interpersonal Skills (r = -0.27). This 
scale consisted of two self-ratings: relationships with instructors and relationships with fellow 
students. Asian American females who chose to leave science and engineering rated themselves 
significantly lower on these items. 

Asian American males also differed in one way from the rest of the survey sample. A 
significant correlate of change for them was the GRE background question, "Have you ever 
written a book or an article that appeared in a professional journal or other national 
publication?" 

Those who reported having published were more likely to leave NSME. Similar lO the 
finding in the total sample that self-reported verbal skills were correlated with leaving science, 
Asian American males in our sample may have expressed their verbal skills by writing for 
publication. 



Correlational Analyses of Individual Questionnaire Items and Indicators 

Even though single items generally have low reliability, we found that the responses to 
many items in our survey were significantly different for people leaving NSME than for people 
continuing in these fields. For this reason, we will discuss these items. 

The correlation matrix in Appendix F is a concise way to represent relationships, and it 
was computed primarily for use in scale construction. But it is not very useful for the 
interpretation of responses. We therefore computed mean responses and t-tests for each item 
to compare those who remained in NSME with those who changed. This section discusses the 
items showing significant differences in the responses of changers and nonchangers. The reader 
may find it useful to have the survey questionnaire (Appendix C) at hand while following these 
analyses. 

UNDERGRADUATE STUDIES: Part A, page 1. In this section of the questionnaire, students 
evaluated their undergraduate experiences. The items covered six a priori dimensions: course 
enjoyment, course difficulty, quality of instruction, relationships with instructors, relationships 
with other students, and their perception of themselves as scientists. Respondents indicated, on 
a 5-point Likert scale, the extent to which they agreed with each statement. The analysis 
compared mean scores of changers versus nonchangers. 
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Of the 28 items in Part A, 11 revealed mean responses that were significantly different 
for changers and nonchangers at the 0.001 level. To compare their mean responses to each of 
these 11 items, refer to the chart below. Each item is labeled on the left, Al through A26. To 
the right of each item label is shown the mean response of those who stayed in science 
(asterisk) and of those who changed out of science (triangle). At the top of the chart are the 
response labels, from "strongly disagree" to "strongly agree." Item Al, the wording of which is 
shown below the chart, obtained a mean score above "agree" by those who stayed in science, 
whereas those who left science scored between "neutral" and "agree." 
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Items were worded as follows: 

Al : I have enjoyed courses in my major better than most other subjects. 

A5: Course work in my major has convinced me ngl to do graduate work in that field. 

A7: I have enjoyed laboratory work. 

A9: I enjoyed science more in high school than I have in college. 

A13: One or more professors have encouraged me to do graduate work in this field. 

A16: i feel I could make a real contribution in this field. 

A18: If I were starting over again, I would major in this same field. 

A21: My instructors have encouraged me to continue in this field. 

A22: I have difficulty imagining myself as a scientist or an engineer. 

A25: Most people in this field have no real humanitarian concerns. 

A26: Courses In my major have tumed out to be very different from what 1 expected. 



24 



o t.. 



ERIC 



UNDERGRADUATE STUDIES: Part B, page 2. Part B asked students to rate 15 different 
aspects of their undergraduate departments or programs. Of those 15 aspects, 5 significantly 
(p < 0.01) differentiated the changers from the nonchangers. These items all seemed to involve 
perceived faculty competence, especially as it relates to teaching ability. Students who remained 
in science or engineering perceived their faculty as extremely competent, they gave good ratings 
on teaching methods, and from good to excellent ratings on opportunities for student evaluation 
of courses and instruction. They also reported a greater opportunity to assist professors in their 
research and found good faculty criticism of their work. The following chart, like the previous 
one, compares the mean responses on each of these five items in Part B. 



Mean Responses to Selected Items in 
Undergraduate Studies, Part B 

Poor F«lr Good Exc«ll«nt 
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items were worded as foliows: 

B4: Scholarly and professionai competence of the facuity 

B7: Teaching methods (e.g., lectures, seminars, audio/video aids) 

B12: Opportunities for student evaluation of courses and instruction 

813: Opportunities to assist professors in their research 

814: Useful faculty criticism of your work 
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UNDERGBADVATE STUDIES, Part C, page 2. In this section respondents rated their own 
abilities compared with those of other students majoring in the same field. 



Of the 13 items in Part C, only two significantly (p < 0.05) dififerentiated changers and 
nonchangers. These were the second and fifth items: laboratory skills and writing skills. Those 
who changed out of NSNfE, although th^ perceived their laboratory skills as above average, 
rated their laboratory skills significantly lower than did those who planned to continue in NSME. 
On the other hand, ^ose changing rated their writing skills higher than did those who planned 
to continue in NSME. This is perhaps an important finding because it suggests that students 
. with superior writing skiUs may perceive that their skills will be better utilized outside of science. 

CAREER PLANS AND EXPECTATIONS: Part A, page 3. This question asked respondents to 
assume that the current value of the dollar does not change and to estimate how much they 
expect to earn annually in 10 or 15 years. Some very important information was revealed by this 
item. 

The graph below shows the distribution of estimated earnings for those planning to stay 
in NSME (solid bar) and those planning to leave (striped bar). 



Expected Annual Earnings 

(after 10 or IS years, 
assuming constant dollars) 



Percent 
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Although the median expectation for both groups was in the $50,000 to $75,000 range, 
the greater proportion of students expecting to earn less than $40,000 uere those leaving NSME. 
Students remaining in NSME had a slight edge over the changers in the upper income 
expectation categories. One might conclude that student were not leaving science and 
engineering for more money elsewhere. Though these data tend to support this hypothesis, this 
study alone is not conclusive. 

There were not enough students leaving NSME to break down the analysis further, 
within that group. But the number of nonchangers was sufficiently large to examine gender and 
ethnic differences. To see if there were gender differences in earning expectations among 
students continuing in NSME, we computed the same distribution for males and females. The 
following chart shows quite dearly that women had lower earning expectations. 

Expected AnKu^i Earnings of Students 
Continuing in Science and Engineering 
(by gender) 

Percent 

50 I 1 




<30 30-40 40-50 50-75 75-100 100-150 >150 

Thousands of dollars 



■i Male H Female 
After 10-16 yra, aaaumlng conatant $ 



The median expected income for both genders is in the $50,000 to $75,000 range, but a 
disproportionately high number of women had salary expectations in the lower ranges. More 
than 20% of the men and less than 10% of the women in NSME expected to earn between 
$75,000 and $100,000. 

The two charts on the next page show the distribution of expected annual earnings for 
White versus minority respondents (top chart) and for all four major ethnic groups (Hispanics 
were combined because of their small numbers). 
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Expected Annual Earnings of Students 
Continuing in Science and Engineering 
(by White versus minority) 

Percent 
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The top chart shows quite clearly that White NSME students had considerably lower 
income expectations than did minority students. We therefore generated the second chart to 
display the salary expectations of four ethnic groups, to see if Hispanic and Asian American 
students also had high income expectations. (To make the chart easier to read, note that the 
solid black bar refers to Black students, the White bar refers to White students, and the two 
different shaded bars represent Asian American and Hispanic students.) 

We see that the highest salary expectations were among Black students, and the lowest 
were among White students. The difference in expectations of White and Black students, so far 
as we can determine, may indicate unrealistic salary expectations on the part of Black students. 
Fechter (1989) cites 1985 statistics from the National Research Council indicating that there was 
virtually no difference in the median salaries of Black and White Ph.D.s in science and 
engineering having less than 10 years of experience. 



CAREER PLANS AND EXPECTATIONS, Part B, page 3. This question asked respondents to 
rate the characteristics of the job they would most like to have on five bipolar scales. Changers 
and nonchangers differed significantly in the expected direction on two of these scales: "working 
with people" versus "working with things," and "working with math" versus "working with words." 

Even those planning to remain in NSME, however, indicated a very slight preference for 
working with people rather than things. Those leaving NSME showed a stronger preference for 
working with people. 

Respondents remaining in NSME showed a slight preference, on the average, for 
working with math, and those leaving showed a slight preference for working with words. 

The following chart shows the mean responses on all five scales for each group. 
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It is not surprising that changers and nonchangers differed on the dimensions of math 
versus words and people versus things, but it is noteworthy that they did not differ at all on the 
other three scales. Their mean ratings were virtually identical. 



CAREER PLANS AND EXPECTATIONS, Part C, page 3. Question C asked, "How important to 
you is each of the following job charaaeristics or opportunities?" 

Of the nine charaaeristics listed, changers and nonchangers obtained significantly 
different mean responses on seven. 

Students who were continuing in NSME rated the importan-'e of technical challenge, 
opportunity for advancement, and job security more highly than did changers. Physically 
attractive environment, flexible work schedule, variety, and contribution to society were rated 
more highly by those leaving NSME than by those remaining. These may be summarized as 
follows: 



Those remaining in natural 
science/math / engineering 

Technical challenge 
Opportunities for advancement 
Job security 



Those leaving natural 
science/math / engineering 

Physically attractive environment 
Flexible work schedule 
Variety 

Contribution to society 



The chart on page 31 shows, more specifically, the average responses of changers and 
nonchangers on these seven scales. 
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Mean Responses to Selected Items in 
Career Plans and Expectations, Part C 
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Characteristics were worded as follows: 

Cl : Technical challenge 

C2: Opportunities for advancement 

C4: Physically attractive environment 

C5: Flexible worl< schedule 

C7: Job security 

C8: Variety 

C9: Contribution to society 



CAREER PLANS AND EXPECTATIONS: Part D, page 4. In the last section of CAREER 
PLANS AND EXPECTATIONS, respondents were asked, To what extent do you want a job 
that involves each of the following activities?" For each activity, they responded either "not at 
all," "possibly," or "definitely." We scored the responses from 1 to 3 and computed a mean for 
each group. The following table shows the means for each group. 
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Mean Scores on Extent to Which Students Want 
a Job Entailing Various Activities 





Mean for 


Mean for 






Students 


Students 






Remaining 


Leaving 


Sig. 


Activity 


inNSME 


NSME 


(P) 


Teach, train or instruct 


2.26 


2.50 


<.001 


Write, prepare reports or articles 


2.13 


2.19 


.260 


Analyze numerical data 


2.11 


1.95 


.011 


Operate instruments or equipment 


2.30 


1.81 


<.001 


Interpret and evaluate information 


2.59 


2.49 


.022 


Concentrate on details 


2.27 


2.09 


.001 


Advise, counsel, interview 


2.08 


2.51 


<.001 


Explain, answer questions 


2.40 


2.66 


<.001 


Reason mathematically 


2.22 


2.11 


.092 


Design instruments or equipment 


1.89 


1.54 


<.001 


Keep records, catalog information 


1.69 


1.72 


.602 


Think quickly 


2.26 


2.37 


. .030 


Persuade, negotiate, sell 


1.51 


1.75 


.001 


Make presentations 


2.11 


2.26 


.004 


Chart or diagram data 


2.06 


1.95 


.048 


Draw or draft 


1.73 


1.67 


.329 


Work with computers 


2.46 


2.32 


.016 


Trouble-shoot problems 


2.35 


2.14 


<.001 


Supervise or direct others 


2.31 


2.39 


.133 


Read extensively 


2.00 


2.09 


.126 


Gather data 


2.21 


2.08 


.014 


Develop ideas 


2.70 


2.71 


.784 



The activity most preferred by both groups was "develop ideas." Also important for 
both groups was "interpret and evaluate information." 

The least preferred activity for both groups was "persuade, negotiate or sell," though 
there were a number of close seconds for the least preferred activities: "keep records, catalog 
information," "draw or draft," and "design instruments or equipment." 

Although some preferences were shared by both groups, most activities were preferred 
more by one group than the other. In the entire list of 22 activities, the average response of 
changers was significantly different from the average response of nonchangers for 15 activities: 
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Those remaining in NSME 
want this activity more 



Those leaving NSME 
want this activity more 



Analyze numerical data 

Operate instruments or equipment 

Interpret and evaluate information 

Concentrate on detaUs 

Design instruments or equipment 

Chart or diagram data 

Work with computers 

Trouble shoot problems 

Gather data 



Advise, counsel, interview 
Explain, answer questions 
Think quickly 



Persuade, negotiate, sell 
Make presentations 



These differences in activity preferences are not entirely surprising, but it is perhaps 
worth noting the items for which there was no significant difference in the responses of the two 
groups: 



PLANS FOR GRADUATE STUDY, Part A, page 5. The first question asked for the intended 
field of graduate study and then asked, "Approximately when did you choose this field?" 

We found a sharp, but not surprising, contrast between changers and nonchangers in the 
answer to this question. The chart on page 34 shows those differences. 

Thirty-nine percent of students planning to continue their education in science or 
engineering claimed to have made that decision before college. At the other extreme, 35% of 
those changing fields claimed to have made the decision during their current, senior year. 
Furthermore, if the self-reports are correct, we can conclude that two thirds (67%) of the 
changers made the decision to change during the last two years of college. 

If we look at the other years - freshman and sophomore -- we see smaller numbers 
having made a decision either way. During the freshman year, only 11% of the entire sample 
made any decision about graduate work. Very few - less than 4% ~ of the changers decided to 
change that early. That is not surprising; we would expect students disliking science in their 
freshman year to change majors as undergraduates, not to wait untD graduate school to change. 
By the sophomore year, we see the number of changers increasing as well as the number of 
people making commitments to the sciences at that time. Then by the junior year, a large 
number of NSME majors are considering a different field for graduate study. This pattern 



Write, prepare reports or articles 

Reason mathematically 

Keep records, catalog information 

Draw or draft 

Supervise or direct others 

Read extensively 

Develop ideas 
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continues into the senior year, when sonie students may reason, "I've stuck it out this far; I may 
as well get my science degree. But I'll do graduate work in something else." 



When Did You Choose Graduate Field? 



Percent 
40 1 




Before col Freshman Sophomore Junior Senior 
Year graduate field was chosen 



stayed in science Changed out 

Basad on total aampla, watghtad data. 



PLANS FOR GRADUATE STUDY: Part B, page 5. The second part of the section on plans for 
graduate study requestea that respondents indicate how strongly they agreed or disagreed with 
each of 17 statements about their intended graduate field of study. Changers scored 
significantly differently from nonchangers on 12 of the statements. 

The following chart shows the mean rating on each statement for changers and 
nonchangers. 
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The statements were worded as follows: 

B2: Success in this field will require good interpersonal skills. 

B4: This field provides many opportunities for a substantial income. 

B5: There are exciting new developments in this field. 

86: I am under pressure from my family to do graduate work in this field. 

87: In this field I will have an opportunity to make a significant contribution. 

88: This is a prestigious field. 

B10: Success in this field will require good technical skills. 

81 1 : I expect this field to provide good opportunities for advancement. 

81 4: I have already invested time and effort into this field and I feel I must continue. 

815: I have had work experience in this field. 

816: I had one or more professors who strongly encouraged me to do graduate work in this field. 

817: I expect my graduate courses to be less demanding than the undergraduate courses in my major, 
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Family Background and Encouragement 

The last set of items in the questionnaire asked about parents' occupations, and about 
the approval and encouragement the respondent may have received from family and professors. 
To interpret these analyses it is important to realize that some cell frequencies were quite small. 
With only 650 minority respondents, approximately 6% of whom omitted the questions on 
parents, and only 4% of whom planned to leave NSME, it is impossible to report separate 
statistics on minorities who changed fields. V/e will therefore report only minority statistics that 
apply to all minorities in the sample or all respondents within a specific ethnic group. 

Half (50.4%) of all respondents reported having fathers in technical, mechanical, or 
scientific occupations, and this figure was nearly the same whether respondents planned to 
continue in NSME or to change fields. It was also the same for males and females. There was, 
however, a significant difference between White and minority respondents: 52% of White and 
only 43% of minority students had fathers in technical occupations. The percentage was 
especially low for Black and Mexican American students (32%), and especially high for Asian 
American students (55%). 

The question on mother's occupation proved to be of far greater interest than the 
question on father's occupation. In the total sample, 22% of the females and only 12% of the 
males had mothers in a technical, mechanical or scientific occupation. Among students planning 
to leave NSME, however, there was no significant gender difference in mother's occupation. 
Furthermore, females leaving NSME were just as likely to have mothers in technical occupations 
as were females continuing in NSME. 

More minority than White respondents reported having mothers in technical occupations 
(20% versus 15%). Only 9% of the Mexican American students, however, had mothers in 
technical occupations compared with 28% of Asian Americans. 

Although we might infer that mother's occupation played a role in the student's selection 
of an undergraduate major, especially for females and minorities, there was no significant 
difference between mother's occupation and the decision to leave NSME. 

For the most part, students perceived their parents as approving of both their 
undergraduate and graduate fields of study. There were, however, some small but statistically 
significant differences. 

More males than females reported that their mothers approved of their undergraduate 
major (98.2% versus 96.2%). More White than minority students indicated mothers' approval 
(98.0% versus 94.5%). The highest level of approval was expressed by White students, and the 
lowest was expressed by Asian Americans. Mother's approval of undergraduate major was 
unrelated, however, with whether students changed fields for graduate school. 

Father's approval was also expressed more strongly by males than by females. Males 
earned almost complete approval (98.1%) by their fathers in their choice of an undergraduate 
NSME major; slightly, but significantly, fewer females indicated that their fathers approved 
(95.7%). White students also indicated more paternal approval than did minority students 
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(97.7% versus 94.7%). There was no significant difference in father's approval between 
changers and nonchangers. 



The next question was whether their mothers approved of their chosen graduate fields of 
study. Again male students and White students felt that they received more approval. Among 
those who switched out of NSME, however, there was no gender difference in mother's 
approval. Furthermore, there was no relationship between mother's approval of the graduate 
field of study and the decision to change fields. 

Father's approval of the graduate field of study followed exactly the same pattern as 
mother's approval as it related to gender differences and White/minority differences. However, 
father's approval did relate in a small but statistically significant way to change in major. 
Among those students who continued in NSME, 98.1% perceived their fathers as approving. 
Among those who changed, the figure was 94.7%. 

In addition to questions about parental approval, we included an item on encouragement 
by one or more professors. In the total sample, 80% indicated that one or more professors had 
encouraged them to do graduate work in their chosen fields, which may or may not have been 
NSME. There was no significant gender difference, but there was a significant difference 
between White and minority responses. Only 74% of the minority students reported receiving 
encouragement from a professor. 

Whether or not students changed fields was significantly related to encouragement from 
a professor. Of those who continued in science, 80% were encouraged to do so. Of those who 
changed, 69% were encouraged to do graduate work in their new fields. 

Students were also asked whether they knew personally one or more professionals in the 
field in which they planned graduate work. In the entire sample, 81% reported that they did. 
There were no significant differences in this response between genders or White/minority 
identity. Furthermore, there were no differences between changers and nonchangers. This item 
was intended to identify possible relationships with role models. Either the item failed in its 
intent or role models seemed to exist for about 80% of the sample, regardless of gender or race. 
Possibly, by the time NSME students consider graduate school, role models are no longer an 
issue. 



The last item, asked about work experience in the intended area of graduate work. Two 
thirds of the sample had worked in the field, and there were no gender or ethnic differences. 
There was, however, a difference in the number of changers and nonchangers who reported 
work experience. Only 52% of those leaving NSME had worked in their newly chosen field, but 
67% of those continuing in NSME had work experience in their fields. 



Responses to Open-ended Questions 

At the end of the questionnaire we asked two open-ended questions: 



"What was the single most important factor in your selection of a 
graduate field of study?" 
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"If your graduate field of study will be markedly different from 
your undergraduate major field, discuss the various considerations 
that led you to change fields. If your graduate and undergraduate 
fields are about the same, discuss the factors that led to your 
decision to continue in the same field." 

Most of the responses to these questions were simply "I like it," or some variation on 
liking the field. Only a few people wrote anything more concrete. 

One woman earning her bachelor's degree in mathematics and planning graduate work in 
education wrote that her husband was the single most important factor in her selection of a 
graduate field. She wrote, "I am teaching and wanted to get my master's for job security 
[respondent's emphasis], so I chose something interesting to me because I coach. Also math 
graduate work would be too hard and time consuming with small children at home." 

Another respondent planned graduate work in mathematics because "mathematics is 
challenging and will provide for a flexible work schedule. Hopefully I will be able to get into 
some applications. Mathematics is also a pursuit of fundamentals. Graduate school will give me 
the training I need." 

Two respondents attributed their graduate field choice to specific undergraduate courses. 

One wrote that the single most important factor in his selection of a graduate field was 
The Jobs Rated Almanac . He also wrote, "In my senior year I was able to take four courses in 
statistics, my intended graduate field of study. . . I enjoyed these courses more than the previous 
courses in my major, and I enjoyed my greatest success in these courses." 

The other wrote, "Enjoyed undergraduate course in reaction engineering - good 
professor - lots of encouragement." 

We also had a respondent who apparently reacted strongly to ne gative role models. 
Basically this person planned to become a college professor after having several courses with 
professors that were totally unsatisfactory. 

Finally, one irate respondent wrote, "I have become frustrated with the immaturity and 
personal narrowness of many of the people in my field. My field is no less free from politics 
and pettiness than any other, regardless of lofty pretentions. With little prospect of fiscal 
reward, it has become unattractive. I no longer plan to attend graduate school in the near 
future; however, with time my feelings may mature and soften." 
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DISCUSSION 



Research Implications 

Probably the most intuitively obvious reason most people would give for majoring in a 
field is its intrinsic interest. This intuition has been confirmed by this study as well as in many 
student interviews, such as the focus groups that preceded this survey, and in the study of 
persistence in science by high-ability minority undergraduate students conducted recently by 
HUton et al. (1989). 

But we do have to ask what happens to students who choose to major in science, math, 
or engineering, apparently because they like it, and then switch to another field, presumably 
because their feelings changed. The results of our study (based on student responses and item 
correlations), when viewed as a narrative rather than a statistical summary, seem to suggest a 
process that diverts students from their choice of science, math, or engineering as a career. The 
following narrative is based on the correlations we have reported. 

At some point during their undergraduate years, NSME students begin to form identities 
as scientists or engineers. Some, however, cannot imagine themselves assuming that role or ever 
being able to make scientific contributions. They feel they have little in common with the other 
students in their department. They have higher verbal skills than their peers, they enjoy writing, 
and they may even have published in scholarly journals. Whereas, their peers would rather work 
with numbers and "gadgets," they prefer to interact with people. Some believe that scientists 
and engineers are solitary individuals, with little variety in their work, who make a questionable 
contribution to society. Many of these students are quite outgoing; some are involved in 
commu.^ity service. 

For some students, coursework is not what they expected; it may be less interesting than 
it Was in high school. For some, courses are too difficult, and homework demands so much time 
that they experience burnout. Their grades may not be as high as they are in other subjects, and 
instructors do not encourage them to continue in their field. To some students it seems the 
fault of the department. According to these students, the instructors cannot teach well and they 
provide no useful feedback on assignments. Some students even think their instructors are 
incompetent. Even so, these students decide to finish their bachelor's degree in science, but 
they plan to pursue graduate work in different fields. 

In the study of high-ability minority students by Hilton et al. (1989), there were also 
numerous questions about values, aspirations, and long-term occupational expectations. Some of 
the reasons that these students gave for leaving science were that they were more interested in 
nonscience subjects, the courses differed from their expectations, they received poor grades in 
their majors, and they were discouraged by instructors. Our survey confirmed these reasons for 
leaving science in quite a different sample and with a somewhat different methodology. 

All our conclusions should be reconfirmed by replication of this study, or a similar study, 
on a different sample. Some results are particularly important to pursue, such as the correlation 
for Asian American females between the decision to leave science and poor relationships with 
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peers and instructors. Our sample of Asian American female students was quite small -- just 83 
cases - and we are reluctant to generalize from this sample. 

Another relationship to investigate further is the negative correlation for Black students 
between GRE quantitative scores and the decision to leave NSME. The working file had shown 
no significant correlation, but the responding sample showed a correlation of -0.29. We have 
reason to believe, therefore, that the relationship was an effect of nonresponse bias. It is 
difficult to imagine how this relationship would hold only for those responding to the survey. 

The questionnaire survey data base that we assembled and analyzed will be retained for 
further analysis by us and by other researchers. Although we found no relationship between 
gender or ethnicity and whether or not a student left NSME, we did find gender and race 
differences in responses. Because those differences were unrelated to change of major, we did 
not discuss them in this report. We did fihd statistically significant differences between males 
and females, for example, in preferred job characteristics and activities. Women more often 
wanted jobs where they could advise, counsel, or interview, whereas men more often wanted to 
write papers, analyze data, and develop ideas. It was more important to women and minorities 
to make a contribution to society and to have a flexible work schedule. Job security, prestige, 
and respect were important to more women and minorities than to White males. 

Further analysis of these questions might help us to create profiles of some unique needs 
that particular minority groups or women in science might have. Science and engineering 
departments as well as the professions themselves might better be able to attract women and 
minorities if they had a clearer picture of the needs and preferences of technically able people 
who are different in some important respects from the White male population that has 
traditionally filled the ranks in mathematics, natural sciences, and engineering. 

Program and Policy Implications 

Colleges and universities that may be concerned about the loss of high-quality science 
and engineering students to other fields may wish to assess their own progra—is and policies with 
respect to student-faculty interaction, grading practices, instructional quality, and other factors 
that affect student decisions. Many departments may not believe that they are losing quality 
students. Departments often work under the assumption that poor students will be weeded out 
by a sort of natural selection process. The data from this study seem to suggest that in the 
weeding process, departments may also be uprooting some of the science students who are 
flourishing. 

Some evidence from this study suggests that students who are highly motivated to make 
a contribution to society, to work with people (as opposed to things), to work in an attractive 
environment, and to have variety in their jobs are more likely to leave the sciences. Seeing this 
result, we must ask ourselves what kind of image science has in the eyes of the public -- even in 
the eyes of students earning a bachelor's degree in the sciences. Most scientific and engineering 
occupations require teamwork and often involve negotiations with clients as well as interactions 
with other inventors and investigators. The stereotypic scientist hidden away in a dismal 
laboratory, having few social or humanitarian concerns, is hardly an appropriate image for 
today's scientist. Perhaps we can offer students more information on the options open to them 
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as scientists - information depicting scientists in settings as varied as they truly are, from 
laboratories to offices to classrooms to the many varieties of field work, writing, travel, 
conventions, and meetings with clients. 

Consistent with the negative stereotypic image of a scientist or engineer are the 
differences we observed in the responses of males and females, and of White and minority 
students. Making a contribution to society, for example, is important to more female and 
minority students than to White or male students. Perhaps we can attract more women and 
minorities to the sciences if we convey science as a socially beneficial endeavor. Similarly, 
accurate information about the salaries of scientists and engineers is apparently not reaching 
many undergraduate science majors. The relatively high expectations of many Black students 
may be unrealistic, and such expectations may result in disappointment when those students 
finally achieve their educational goals and enter the job market. 

Our survey results suggest that undergraduate science and engineering majors who are 
applying to graduate school still do not have a realistic view of the work options that will be 
available to them when (or if) thuy finish their education. They need to have a broader picture 
of the many varieties of work and work environments that will be open to them, and more 
accurate information about salaries. Perhaps more able students of both genders and all races 
would choose to continue in science if they knew more about its possibilities. 
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0406 Systems Analysis 

0499 Compuiar Sciences — Other 
brtti, MmesykeiV;. aiK Marlae Mtaces 

0501 Atmospheric Scier>ces 

0502 Envifonmental Soeiwes 

0503 Oeoetienmtry 

0504 Geology 

0505 Geophysics end Seisnwlogy 
0507 Meioorology 

0506 Oceanography 
05O6 Paleontology 

0599 Eenh. Almospheric. and 

Manne Sciences — Other 
HetHli aa4 Meaical Stlaacas 

0601 Aided Health 

0602 Audiology 

0603 Chiropractc 

0604 Dental Sciences 

0605 Envtronmenlel Health 

0606 Epidemiology 

0607 Health Science 
Administration 

0606 Immunology 

0609 Medical Sciences 

0621 Medicinal Chemisiry 

0610 Nursing 

0618 Occupational Therapy 

0611 Optometry 

06 1 2 Osteopathic Mediane 

0613 Pharmaceutical Sciences 

0619 Physical Therapy 

0614 Podiatry 

0615 Pre-Modicine 

0616 Putjkc Health 

0620 Speech/Lenguage Pathology 

061 7 Vetennary Medicine 

0622 Velennery Science 
0F99 Health and Medical 

Sciences -- Other 
MatMnitleiil Stiancts 

0701 Acluanal Sciences 

0702 Api>lied Mathematics 

0703 Mathematics 

0704 Proliebihty S Statistics 
0790 Metttematcal Sciences — 

Other 



0801 Astronomy 

0802 Aairephysics 

0803 Atomie/uolecular Physics 

0804 Nuclear Pttysirs 

0805 Optics 
0808 PhysKS 

0806 Planetary Science 

0807 SoM Siaia Physics 

0«99 Physics and Astronomy — Other 

Natsnl tdtacas — OIktr 

0999 Natural Soencas ~ Other 

ENfiWEEmM 



1001 Chemeal Engineenng 

1002 Pulp and Paper Piod ue ipn 

1003 WoodScianc* 

1099 Chemical E n gmaanng — Other 

1101 AtcMeetufal Enginaating 

1102 Cryil Eiijneaitna 

1103 EnvironmanlaVSaniMry 
Engineering 

1199 CnnlEngineiadng — Other 
Eatlaaartai — BeOitcM aa< Electttala 

1202 Communicatians Engprteenng 
1201 Computer Engawanng 

1203 Electncal Engneenng 

1204 Elactroncs Engineenng 
1799 Electncal i Electronics 

Engineering — Ottwr 



1301 industnal Ettgine*.tng 

1302 Operation! 'Research 

1399 Industrial Engineering — Other ■ 

EnflatatlRi Matstisls 

1401 Ceranac Engineering 

1402 Maienals Engineenng 

1403 Matenals Scwice 

1404 MelalKjigcal Engineenng 

1 499 Matenals Engineenng — Other 
Eafiaienai — Mttkaaical 

1501 Engirwermg Mecttanics 

1502 MechamcalEngineerng 

1599 Mectianical Engineering — Oitw 



. — Otkir 

16&1 Aerospace Engineenng 

1602 Agncultural Engmeonng 

1603 Biomedical Engneen ng 

1604 Engineering Physics 

1605 Engineering Science 

1606 GeologicalEngmeering 

1607 Minmg Engneenng 

1608 NavaTArchiteciure and Manna 
Engineering 

1609 Nuclear Engineenng 

1610 Ocean Engineering 

161 1 Petroleum Engineering 

1612 Systems E n gineeri n g 

1613 Textile Engmaetlng 
1699 Engmeering — Ottter 

S0CUU.KIE1ICK 

IMMaaelsfy t Aitkassleif 

1701 Anthropology 

1702 Archaeology 
Ecaeamles 

1802 Econometncs 
1801 Economics 
PalKlcal Sdaace 

1901 iniematKmal Releiions 

1902 PoMicat Science and 
Govemnwit 

1903 Putilic Policy Sluttes 
1999 Politnal Science — Other 
Piythelsfy 

2001 Chnical Paychotogy 

2002 Cognitwe PsychoTooy 

2003 Community Psychology 

2004 Comparaltve Psyctidogy 

2005 Counseling Psychology 

2006 Developmental Psychology 

2007 Eipennnental Psychology 

2008 Industrial end Or^nuaMnai 
Psychology 

2009 Personality Psychology 

2010 Phy*ologeal Psyctiology 

201 1 Psycholingutstics 
2016 Psychology 

2012 Psycttonietrics 

2013 Psychophamiacotogy 

2014 Ouintitatiye Psychology 

2015 Social Paychology 
2099 Psychology - Othrr 



t aclalaiy 

2101 .Demography 

2102 Sociologv 
Sedal Sdaacss — OHwt 

2206 Amencan Slurtes 

2201 Area Studies 

2202 Criminal Justiea/Criminology 

2203 Geography 

2207 Gerontology 

2204 PuDlic Allaiis 

2205 UrBanSludws 

2299 Social ScwncM — Other 

HtwiuuifnmumAiru 

Arts " HMofy, Taae^, aa4 Cfttlsisai 

2301 Art HiHoiy and Cfiticsm 

2302 Muac Haiofy. Musookigy. and 
Theory 

23M Arts — HiaKMV.TIieoty. and 
Criticism — Ottiar 

Alls — PsttSfMaata M< Me 

2401 Art 

2402 Dane* 

2405 Design 

2403 Oramaaheatra Ans 

2406 Fine Alts 

2404 Music 

2499 Arts — Pertormance arid Studio — 
Other 

Enfllsk laamt* LHafatsf* 

2502 Amencan I anguage and Literature 

2503 Creilrve Writing 

2501 English Language and Literature 
2599 English Language and Literature — 
Other 

Eefalia lasfsitn r»4 lllaiataras 

2601 Aswn Languages 
21)09 Classicat Languages 

2602 Foreign Literature 

2603 French 

2604 Germanic t enguages 

2605 ItaNan 

2606 Russian 

2607 Semite Languages 
260A Spanish 

2699 Foreign Languages — Other 
HIsteiY 

2701 Amencan History 

2702 European History 

2703 Htslory ol Science 
2799 History — Other 

Ritlasael'y 

280 1 All Philosophy Fields 
HaaiaaMles aa< Ms — OtHar 

2901 Classics 

2902 Comparativa Language and 
LHeralure 

2903 Linguistics 

2904 Rainous Sludws 

2999 Humanitiesand Alts — Other 

EDUCATION ■ 

E<acallea — Maiinlsttatlsn 

300 1 EducatHxtal Admmtstraiion 

3002 Educational Supervision 

Etecaltaa — CsmcalBi* aae lastnicllsn 

3101 Cuniculum and Instruction 

E*KStlea — Eaily CMMkaee 

3201 Early Childhood Education 
EMcsHaa — Elenaataiy 

3301 Elementary Education 

3302 Elementary Level Teactnng Fields 
E<acallea — Eiislaallea m< ntsasttk 

3403 Educational Psychology 

3401 Educational Statistics and 
Research 

3402 Educational Testing. Evaluation, 
and Measurement 

3404 Elementary and Secondary 
Research 

3405 Higher Education Research 

3406 School Paychotogy 
E«acalls* — Htlkst 

3501 Educatxxial Policy 

3502 Higher Education 

EtacsMea — Setee<tiy 

3601 Secondary Education 

3602 Secondary Level Teaching Fields 

E^Bcatlsa- tMtial 

3701 Education ol Gitted Students 

3702 Education ol Handicapped 
Students 

3703 Education ol Students with Specific 
Learning Disal>ilities 

3704 Reme<tiat Education 

3705 Special Educelion 

3799 Special Education — Other 



a — Ha^sal Caaaaa4ia8 aatf PanaaMl 
lentcas 

3601 Personnel Services 
3802 Student Coun s elin g 

EtfecsMa — OHiaf 

3901 Adult and Con l in t ^ng Education 
3906 Agricultural Educatir- 

3902 Billit>guaVCnwiar' jral Education 

3903 Educalionat Media 

3904 Junmr HtofAMM School Education 

3909 Physcal Education 

3905 Prs-Elemenlary Education 

3906 Social Foundalxma 

3907 Teaching EngCahM a Second 
Languaga/Fomgn Language 

3910 VocaMmtVTaOmical Education 
3999 Education- OHiar 

tutmst 



4001 Accounting 

4002 Taxation 
lai*la| m Fiaaaca 

4101 Commaicial Banking 

4102 Finance 

4103 Investments and Saeuritias 
lasieess IWaiMittalieB aa4 Maaaiaaieet 

4201 Business Admintslralion and 
Management 

4202 Human Rasouioa Davelopmani 

4203 Institutional Management 

4204 Laboi^ndustrial Ralatians 

4205 Management Science 

4206 Organualional Behavior 

4207 Personnel Management 

4299 Business Managamam — Other 
laslaesi — O0iar 

4301 Busnass Economi cs 

4302 International Busmosa Management 

4303 Management mtormation Systems 

4304 Manieting and Distribution 

4305 Maiketing Management and 
Research 

4399 Business— Other 

OTHEH nam 

Artliltsetafs tut Eavltaemaiital Ossl|n 

4^1 Architedure 

4402 City and Regional Planning 

4403 Environmental Design 

4404 Inienor Design 

4405 Landscape Archileeture 

4406 Uttan Design 

4499 Architecture and Environmental 
Design — Other 

Csiamaalcallaas 

4501 Advertising 

4502 Communications Research 

4503 Joumakam and ttaaa 
Communlcationa 

4504 Public Relations 

4505 Radio. TV. and Fitm 

4506 Speech CommurKatlon 
4599 Communcalions — Other 
Noma (caaemla 

4601 Consumer Economics 

4603 Family Counseling 

4607 Femily Relaltons 

4699 Honw EcoTKKnics — Ottier 

Llktaiy aa< Aitumt ttlsacts 

4702 Archival Science 

4701 Library Science 

Pnkllc «amlaisln«ea 

4801 Pubbc Admnislration 

ntllilsa mt Tksalsfy 

4903 Ordained Mmslry/Rabbinate 

4901 Religion 

4902 Theology 
Social WSft 

5001 Social Work 
OltiarElaMs 

5101 Inlerdisaplinary Programs 

5102 Law 

Sin Any Department Not LlalatI 
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Appendix B 
Codes Defining Science/Engineering Areas 



ERIC 



The mathematics, natural sciences, and engineering codes used in this study were based 
on the department code Ust in the GRE background questionnaire (last page of Appendix A). 
Undergraduates specifying the following major field codes were selected for this study: 



0201 


-0299 


Biological sciences 


0301 
0801 


-0399 
-0899 


Physical sciences 
Physical sciences 


0401 


-0499 


Computer sciences 


0501 


-0599 


Earth sciences 


0701 


- 0799 


Mathematical sciences 


1001 


- 1699 


Engineering 



Appendix C 

Survey of Science, Mathematics, and Engineering Majors 



EDUCATIONAL TESTING SERVICE 




PRINCETON. N.J. 08541 



609- 734-1 090 (fail 
CABLEEDUCTESTSVC 

DIVISION OF APPUED 
MEASUREMENT RESEARCH 



January 1991 



Dear GRE Test Taker: 

Recently, several federal agencies and national panels have predicted a 
shortage of graduate- level talent in some fields of science and engineering. 
In light of this concern, the Graduate Record Examinations (GRE) Board is 
currently sponsor!" r a study to determine more about the bases on which 
undergraduate scie.ue and engineering majors decide upon a graduate field of 
study. 

We are writing to you because, when you registered to take the GRE 
recently, you indicated that you are currently a science or engineering major. 
This questionnaire asks about your undergraduate experiences, your thoughts 
about a career, and your plans for graduate school. Completing the 
questionnaire will probably take about 15 minutes. We hope that the time you 
devote to filling out the questionnaire will also benefit you by helping you 
clarify your own thoughts and feelings about your future. 

All of your responses will be kept confidential. The statistical 
findings from this research will be published by the GRE Board, and we expect 
the educational and scientific community to be greatly interested in the 
infoirmation that you and your fellow students can provide. 

If you have any questions about the project, feel free to call me at 
609-734-5548. 



Thank you for your participation. 

Sincerely, 

Jerilee Grandy 
Project Director 
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SURVEY OF SCIENCE, MATHEMATICS, AND ENGINEERING MAJORS 



UNDERGRADUATE STUDIES 

A. The following statements, both positive and negative, are often made by stude.-r.s describing their undergraduate experiences. 
Please read each statement carefully regarding the field or department in which you are majoring, and indicate how much you agree 
or disagree by circling the appropriate nunber. 



STRONGLY 
AGREE 



I have enjoyed courses in my major better than most other subjects 

Many labs have been taught by teaching assistants who were unsure of themselves. 

Students have generally been helpful to one another 

Homework has taken too much tine 

Course work in my major has convinced me riot to do graduate work in that field.. 

Subjects in my major field have been more difficult than I expected 

I have enjoyed laboratory work 

Career opportunities in this field are very limited 

I enjoyed science more in high school than I have in college 

The atmosphere among students in my department has been conpetitive 

I have a lot in conmon with other students in my department 

Courses have sometimes been obstacles rather than vehicles for learning 

One or more professors have encouraged me to do graduate work in this field 

I enjoyed math more in high school than in college 

Many of my professors could not teach very well 

I feel I could make a real contribution in this field 

Many professors in my department do not know me 

If I were starting over again, I would major in this same field 

Burnout is a real problem for majors in my field 



The conpetition in labs has been so fierce that some students 
have sabotaged the experiments of others 



My instructors have encouraged me to continue in this field 

I have difficulty imagining myself as a scientist or an engineer 

I have high regard for the other students in my department 

Most of my professors have little interest in students 

Most people in this field have no real humanitarian concerns 

Courses in my major have turned out to be very different from what I expected. 

If I missed a lecture, I could always get notes from someone else 

All important courses have been taught by knowledgeable faculty 



AGREE 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 



NOT SURE/ STRONGLY 
NEUTRAL DISAGREE DISAGREE 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 



Copyright e 1992 by Educational Testing Service. All rights reserved. 
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B. Please rate each of the following asp<!i:ts of the defMrtinent or prograni in which you have majored. 



EXCEI 



Intellectual environment 

Curricular and career advising 

Laboratory facilities 

Scholarly and professional competence of the faculty 

AcadcMic ability and preparation of students majoring in this department 

Appropriateness of procedures (grades, papers, exams) used to evaluate students 

Teaching methods (eg. lectures, seminars, audio/video aids) 

Accessibility of faculty menbers to undergraduates 

Variety of advanced course and program offerings 

Flexibility of the program to meet individual needs 

Opportunities to pursue individual projects 

Opportunities for student evaluation of courses and instruction 

Opportunities to assist professors in their research 

Useful faculty criticism of your work 

Faculty helpfulness in dealing with class work 



C. Compared with other students majoring in the same field, indicate how you would 

UEL 



Math skills 

Laboratory skills 

Study skills 

Reading skills 

Writing skills 

Test-taking skills 

Ability to think through problems . 

Quality of homework 

Abi 'cy to organize work 

Speed in solving problems 

Time spent on homework 

Relationships with instructors 

Relationships with fellow students 



LENT 



UUUU 


rnlK 


rUUK 


c 


•» 


A 


c 


•> 
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c 


J 
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c 
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n 
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o 
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•» 
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c 


n 
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2 


3 


4 


2 


3 


4 


2 


3 


4 


2 


3 


4 


2 


3 


4 


2 


3 


4 


2 


3 


4 



ate yourself on each item below: 



SOMEWHAT SOMEWHAT WELL 

ABOVE ABOVE ABOUT BELOW BELOW 
AVERAGE AVERAGE AVERAGE AVERf^UE AVERAGE 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



ERIC 



BEST COPY AVAILABLE 



So that we know something about your background and experiences, please indicate whether each of 
false. 



these statcsients is true or 



TRUE 



Ny father is (or was) in a technical, mechanical, or scientific occupation. 

Ny Mother is (or was) in a technical, mechanical, or scientific occupation. 

My mother approved cf my undergraduate major field 

Ny father approved of my undergraduate major field 

My mother approves of my intended graduate major field 

My father approves of my intended graduate major field 

I have had one or more professors who encouraged me to do 

graduate work in this field 

I know personally one or more professionals in this field 

I have had work experience in this field 



FALSE 
2 
2 
2 
2 
2 
2 

2 
2 
2 



NOT SURE/ 

NOT 
APPLICABLE 

3 

3 

3 

3 

3 

3 

3 
3 
3 



What was the single roost incortant factor in your selection of a graduate field of study? 



How different is your graduate field of study from your undergraduate major? 

( ) Not at all different; the graduate field is a continuation of my undergraduate major. 

( ) Slightly different. 

( ) Moderately different. 

( ) Greatly different; the graduate field bears little, if any, similarity to my undergraduate major. 

If your graduate field of study will be markedly different from your undergraduate major field, discuss the various 
considerations that led you to change fields. If your graduate and undergraduate fields are about the same, discuss the factors 
that led to your decision to continue in the same field. 



Thank you for participating in this research project. Your questionnaire responses are all confidential and will be used only 
for research purposes. Ue hope that the time you have devoted to completing this questionnaire has been helpful in clarifying 
your feelings and your plans for graduate study. Ue wish you the very best of luck in your academic and professional pursuits. 

Please return the questionnaire in the postage-paid envelope provided, or mail it to 

Educational Testing Service 
Rosedale Road, 13-R 
Princeton, NJ 08541 

If you would like a sunmary of the survey results, circle the code number on the top of the front cover of this questionnaire. 
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PLANS FOR GRADUATE STUDY 



A. In uhat field do you plan to do graduate work? 



Using the major field category codes on the back of this questionnaire, please classify 
your intended graduate field into one of the categories and enter the code in this box - 



Approximately when did you choose this field? 

( ) Before college 

( ) Freshman year 

( ) Sophomore year 

( ) Junior year 

( ) Senior year 



B. Please indicate the extent to which you agree or disagree with each of these statements about your intended field of sttxly. 



STRONGLY 
AGREE 



NOT SURE/ STRONGLY 
AGREE NEUTRAL DISAGREE DISAGREE 



There should be many jobs available in this field when I ccnplete graduate work... 

Success in this field will require good interpersonal skills 

This field really doesn't interest me much, but an advanced degree in it will be 
useful to my career 



This field provides many opportunities for a substantial income 

There are exciting new developments in this field 

I am under pressure from my family to do graduate work in this field 

In this field I will have an opportunity to make a significant contribution. 

This is a prestigious field 

I truly love this field and want to learn as much as possible about it 

Success in this field will require good technical skills 

I expect this field to provide good opportunities for advancement 



A graduate degree in this field will prepare me for a mjiter of different 
career possibilities 



I know personally one or more professionals in this field 

I have already invested time and effort into this field and feel I must continue. 
I have had work experience in this field 



I had one- or more professors who strongly encouraged me to do graduate work in 
this field 

I expect my graduate courses to be less demanding than the undergraduate 

courses in my major 



2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 

2 



3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 

3 

3 



4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 

4 

4 



5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 

5 

5 
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0. To Mhat extent do you want a job that involves each of the foUouing activities? 



NOT 
AT ALL 



Teach, train, or instruct 

Write, prepare reports or articles. 

Analyze nunerical data 

Operate instruments or equipment... 
Interpret and evaluate information. 

Concentrate on details 

Advise, counsel, interview 

Explain, answer questions 

Reason mathematical ly 

Design instriinents or equipment 

Keep records, catalog information.. 

Think quickly 

Persuade, negotiate, sell 

Hake presentations 

Chart or diagram data 

Draw or draft 

Work with computers 

Trouble shoot problems 

Supervise or direct others 

Read exter.iively 

Gather data 

Develop ideas 



POSSIBLY 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



DEFINITELY 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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CAREER PLANS AND EXPECTATIONS 



A. in ansMering this question, asstme the current value of the dollar does not change. Also assume you will co<«plete graduate 
school . 

Once you are out of graduate school and have become established professionally -- in perhaps 10 or 15 years about how much 
money do you expect to earn annually? 



( ) Less than $20,000 

( } % 20,000 - % 30,000 

( } % 30,000 - % 40,000 

( } % 40,000 - % 50,000 

( ) % 50,000 - % 75,000 



} % 75,000 - $100,000 
) $100,000 - $150,000 
} $150,000 - $200,000 
} $200,000 - $250,000 
} More than $250,000 



How important is it to you to have an income at least that large? 



( } Not inportant at all 
( } Somewhat iinportant 
( ) Quite inportant 
( ) Extremely important 

B. Jobs may be characterized in a number of ways. For example, a salesperson works largely with people while a mechanic works 
largely with things. Most jobs require some balance between the two extremes. On the following scales, rate the characteristics 
of the job you would most like to have. 



MORE OF THIS 
CHARACTERISTIC 

Practical/applied ( } ( } 

Working with people ( } ( } 

Working with math ( } ( } 

Attention to detail ( } ( } 

Competitive emphasis ( } ( } 



ABOUT MORE OF THIS 

EQUAL CHARACTERISTIC 



} ( } Theoretical/basic 

} ( } Working with things 

} ( } Working with words 

) ( ) Attention to total picture 

} ( } Cooperative emphasis 



C. How important to you is each of the following job characteristics or opportunities? 



NOT SOMEWHAT VERY EXTREMELY 
IMPORTANT IMPORTANT IMPORTANT IMPORTANT 



1. Technical challenge 

2. Opportunities for advancement 

3. Pleasant co-workers 

4. Physically attractive environment 

5. Flexible work schedule 

6. Prestige/respect 

7. Job security 

8. Variety 

9. Contribution to society 



2 
2 
2 
2 
2 
2 
2 
2 
2 



3 
3 
3 
3 
3 
3 
3 
3 
3 



4 
4 
4 
4 
4 
4 
4 
4 
4 



How decide which three of these characteristics are most ip-ortant to you, and circle the nuiters (1 through 9) to the left of 
those three characteristics. 
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MAJOR FIELD COOES 



Natural Sciences 



Education 



01 Agriculture 

02 Biological Sciences 

03 Chemistry 

04 Computer and Information Sciences 

05 Earth, Atmospheric and Marine 
Sciences 

06 Health and Medical Sciences 

07 Mathemtical Sciences 

08 Physics and Astronocny 

09 Other Natural Sciences 



30 Education Ackninistration 

31 Curriculun and. Instruction 

32 Early Childhood Education 

33 Elementary Education 

34 Education Evaluation and Research 

35 Higher Education 

36 Secondary Education 

37 Special Education 

38 Student Counseling and Personnel Services 

39 Other Education 



Engineering 

10 Chemical Engineering 

11 Civil Engineering 

12 Electrical and Electronics Engineering 

13 Industrial Engineering 

14 Materials Engineering 

15 Mechanical Engineering 

16 Other Engineering 



Business 

40 Accounting 

41 Banking and Finance 

42 Business Administration and Managefltent 

43 Other Business 



Social Sciences 



Other Fields 



17 Anthropology and Archaeology 

18 Economics 

19 Political Science 

20 Psychology 

21 Sociology 

22 Other Social Sciences 



Humanities and Arts 



44 Architecture and Environmental Design 

45 Communications 

46 Home Economics 

47 Library and Archival Science 

48 Public Ackninistration 

49 Religion, Theology, and Ministry 

50 Social Work 

51 Law 



23 Arts: History, Theory and Criticism 

24 Arts: Performance and Studio 

25 English Language and Literature 

26 Foreign Languages and Literature 

27 History 

28 Philosophy 

29 Other Humanities and Arts 



99 Other Field Not Easily Classified 
00 Undecided 
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Appendix D 
Postcard Reminder 



Dear ORE Test Taker: 



Recently Me tent you a questionnafre about your underoraduate 
studies and career plans. If you have not yet filled it out, please 
coiTplete it as soon as possible and return it to 

Jerilee Crandy 
ETS, 13-R 
Rosedale Road 
Princeton, NJ 08541 

If you have already nailed it, ignore this reminder. Thank you 
for your participation in this research project. 

Sincerely, 



Jerilee Grand/ 
Project Director 



Appendix E 
Followup Letter 
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EDUCATIONAL TESTING SERVICE 




PRINCETON, N.J. 0 8 541 



6O9-921-90O0 
6O'>--}4-1090 (faxi 
CABLE-EDUC7ES7SVC 

DIVISION OF APPUED 
MEASUREMENT RESEARCH 



Dear GRE Test Taker: 

In February we sent you a questionnaire asking about your undergraduate experiences, 
your thoughts about a career, and your plans for graduate school We have not yet received 
your response. 

Some of the people we have surveyed apparently have decided not to go to graduate 
school, and for this reason have not responded. We woxild like to receive responses from 
everyone we surveyed so we can be sure the results accurately represent all science, math, and 
engineering majors who took the GRE in December. 

If you have not yet responded, we would greatly appreciate your taking 15 minutes or so 
to complete the enclosed questionnaire and mailing it to us in the enclosed envelope. 

If you feel that the questionnaire does not apply to you - if you have changed your mind 
about graduate school, for example - please make a note to that effect on this letter and return 
it to us. We still want to hear from you and will read whatever comments you make. 

All of your questionnaire responses and comments will be confidential. The findings 
from this research will be published by the GRE Board, and we expect the educational and 
scientific community to be greatly interested in the information that you and your fellow 
students can provide. 

If you have any questions about the project, feel free to call me at 609-734-5548. 

Thank you for your participation. 



April 1991 



Sincerely, 



Jerilee Grandy 
Project Director 
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Appendix F 

Correlation Matrix of All Questionnaire Items, 
Change, Gender, and Ethnic Indicators, 
for Total Weighted Sample 
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